The syntheses, characterization and crystal structures of the reaction products of Cu 
Introduction
Copper is not only a bio-relevant trace metal but also has coordination flexibility. In coordination with imidazole, which is a small sized ligand, it exhibits a structural variety in both coordination geometries and in number of imidazole moieties that are directly coordinated to copper(II) center. For instance, the complex [Cu(dien)(imzH)](ClO4)2 with diethylenetriamine (dien) has one imidazole group (imzH) attached to Cu(II) [1] while, the complex [Cu(pic)2(imzH)2]. 2H2O has two Cu(II)-coordinated imidazole groups arranged in a cis disposition with each other [2] . Similary, monomeric complexes with three [6] and even polymeric complexes [7] [8] .
The copper(II)-imidazole based coordination chemistry has played a formative role in the design and construction of metal-organic hybrids comprising of N,N-chelating ligands and carboxylates. Our focus lies on metal-organic hybrids formed by discrete complexes. Designing of such inorganic-organic hybrids depends on coordinate covalent bonds, coordination geometry and most importantly on weak interactions that interweave the whole framework [9] [10] . These may be simple hydrogen bonding interactions (H-N…H, H-O….H, C-H…O, C-H….Cl etc.), or π interactions for example π-π stacking interactions or N-H…π interactions. Copper(II)-imidazole-carboxylates having; SOD-dismutase activity [11] , and DNA binding [12] , antimicrobial [13] , and magnetic [10] properties have been reported.
As a continuation of our research work on ternary Cu(II) complexes with N,N-chelating donor ligands and carboxylates [14] [15] [16] , we report herein three ternary complexes of copper(II) ion, coordinated by imidazole and aromatic mono-carboxylates.
Experimental

Materials and Methods.
CuCl2.2H2O and imidazole were purchased from Merck chemical company Germany, while cinnamic acid, o-chlorobenzoic acid, and p-aminobenzoic acid, methanol, DMSO and NaOH were purchased from Sigma-Aldrich, chemical company, and were used in the same condition as received.
Instrumentation
Elemental analyses for C H and N were carried out using a Perkin-Elmer 2400 II elemental analyzer. TGA was performed on TGA instrument Q500, USA in static air. FT-IR absorption spectra were recorded as KBr pellets with Avatar 360 E.S.P. Nicolet FT/IR spectrometer in the range of 4000-400 cm -1 . Uv-Visible spectrum was recorded in DMSO using a Mega-2100 Double Beam UV-Visible spectrophotometer.
Syntheses of complexes 1-3
For the synthesis of complexes 1-3, a similar procedure was used involving the reaction of copper(II) salt with imidazole, followed by addition of carboxylate.
Synthesis of [Cu(imzH)2(cinn)2(H2O)] (1)
To a solution of CuCl2.2H2O (0.171 g 1 mmol) in 30 cm 3 methanol, the imidazole solution (0.136 g, 2 mmols) in 10 cm 3 methanol was added in a drop-wise manner with continuous stirring. The resulting green solution was stirred for half an hour at room temperature.
Then a mixture of cinnamic acid in methanol (0.296 g, 2 mmols) containing 20 drops of 1M NaOH(aq) was slowly added with continuous stirring. The resulting solution was heated at nearly 50ºC with stirring for one hour. The solution was filtered and kept at room temperature, and after seven days, crystals suitable for single crystal X-ray analysis were obtained. 
Synthesis of [Cu(imzH)2(paba)2] (2)
The complex 2 was prepared by adopting a similar procedure as for 1, involving addition 
X-ray crystallography
Intensity data were collected for crystals of 1 (blue rod, 0.12 × 0.04 × 0.03 mm), 2 (blue shard, 0.06 × 0.02 × 0.01 mm) and 3 (dark blue block, 0.22 × 0.16 × 0.08 mm) at 100 K on a Rigaku
Mercury CCD diffractometer using graphite monochromated MoKα radiation (λ = 0.71073 Å).
The structures were routinely solved by direct methods and the structural models completed and optimized by refinement against |F| 2 with SHELXL-2014 [17] . The N-and O-bound H atoms were located in difference maps and either refined as riding atoms in their as-found relative locations or freely refined. The C-bound H atoms were geometrically placed and refined as riding atoms with C-H = 0.95 Å. The refinement for 2 resulted in an unexpectedly large peak of 3.40 e Å -3 in the final difference map, which, given its location, cannot correspond to an atom.
Possible twinning was investigated and ruled out so we tentatively assign this to an artifact arising from less than optimal intensity data arising from a very small crystal. Key refinement details are shown in Table 1 . [26] [27] , and o-chlorobenzoic acid [28] , with those of complexes 1-3 has been presented in Table S1 of ESI.
Uv-Visible spectroscopy
UV-Visible spectra of all the complexes were recorded in DMSO solution in the 200-higher energy, 268 nm and 210 nm for complex (1), 254 nm and 216 nm for complex (2), 252 nm and 213 nm for complex (3) , are assigned to the intraligand π→π* and n→π* transitions [4] .
A broad absorption band at 634 nm for complex (1) is due to the d-d transitions in square pyramidal complexes [29] [30] [31] . The visible absorption spectra also contain bands at 652 nm for (2) and 648 nm for (3), which are due to the copper(II) dxz; dyz→ dx 2 -y 2 transitions in a squareplanar ligand field [32] .
Thermal studies of complexes 1-3
Thermal analyses curve of the complex 1 (TG/DTA) is given in Fig. S4 The observed weight loss for this step was 57.02% while calculated was 57.78%. The remaining fraction (calculated= 42.22%, observed= 42.98%) corresponds to two imidazole groups and one CuO.
Description of crystal structures 1-3
Crystal Structure of 1
The asymmetric unit of 1 is shown in Fig. 1 Table 2 . The dihedral angle between the Himz mean planes is 71.90 (Fig. 2) (Table 3) . Taken together, the intermolecular interactions in 1 lead to a threedimensional network in the crystal. by O-HΛO hydrogen bonds. Symmetry codes as in Table 3 . (i) 1-x, 1-y, 1-z; (ii) ½-x, ½+y, 3/2-z; (iii) x, y-1, z. 
Crystal Structure of 2
Selected bond distances, bond angles and hydrogen bonding details of complex 2 are given in Tables 4 and 5 
Crystal structure of 3
The asymmetric unit of 3 ( Within these chains the imidazole rings appear to interact by π-π stacking [centroid-centroid separations = 3.649 (2) Å for inversion-related N1 molecules and 3.789 (2) Å for inversion related N2 molecules]. The chains are cross-linked by weak C-HΛO interactions, which results in a three-dimensional network (Table 7) . Unlike 1, the benzene rings in 3 are not involved in π-π stacking interactions. Table 7 . 
Conclusions
In conclusion, three novel mixed-ligand Cu (II) complexes 1-3 
